Introduction: The epidemiology of chronic pain in youth has been increasingly documented over the past decade. However, the precipitating events associated with the onset of pediatric chronic pain are not well studied. Objectives: Understanding the events that precede the onset of pain, and are reported by patients as germane to the early stages of their pain, may add one piece to the puzzle of the causal etiology of pediatric chronic pain disorders. Methods: We conducted a retrospective chart review of 320 young people attending a tertiary care chronic pain clinic with musculoskeletal chronic pain.
Introduction
The epidemiology of chronic pain in youth has been increasingly documented over the past decade. Population-based cohort studies have revealed that 25% to 37.3% of children and adolescents report chronic pain, and 5.1% report moderate or severe chronic pain, which impacts their psychological, physical, and social functioning. 16, 27, 32 Also, well described are prevalence rates across different chronic pain sites: headache and abdominal pains are common in early childhood, whereas musculoskeletal pains (including limb and back pain) are most common through mid-late childhood and adolescence. 27 In one schoolbased study, musculoskeletal pains accounted for 64% of all the pains that were reported by young people. 30 Less studied, however, are the precipitating events associated with the onset of pediatric chronic pain. Here, we define a precipitating event as an incident temporally and conceptually tied to the onset of an individual's pain. Investigating events that precede the onset of chronic pain and are reported by patients as germane to the early stages of their pain may add one piece to the puzzle of the causal etiology of pediatric chronic pain disorders and may be informative for preventive strategies.
Injury, surgery, illness, infection, and chronic disease are commonly recognized as events preceding the chronic pain onset in adults. Evidence for such precipitating events is taken from prospective, retrospective, and disease-cohort studies, mostly in populations with musculoskeletal and neuropathic pain. For example, regarding injury, an early study found that 24% of individuals with fibromyalgia reported experiencing physical trauma in the 6 months before the onset of their disease. 1 Regarding surgery, approximately 20% of adults who presented to a chronic pain clinic implicated surgery as one of the causes of their pain, with half of these patients listing it as the sole cause. 9 There is also evidence that illness, infection, and chronic disease are associated with chronic pain, and with neuropathic pain in particular. For example, herpes zoster, 17 lyme disease, 23 HIV infection, 14 multiple sclerosis, 26 and cancer 4 are conditions associated with neuropathic pain problems. On the other hand, a growing body of data also indicates that, in many cases, there is no identifiable cause for the onset of chronic pain. For example, Almeida et al. 2 found that 6% of adults with chronic pelvic pain had no self-identified cause. In the large European survey described above, 3 12% of respondents reported that they did not know the cause of their pain. Even for complex regional pain syndrome (CRPS), which is generally considered a neuropathic musculoskeletal condition in which a specific event precedes the onset, a study by de Rooij et al. 11 found that 7% of patients report a spontaneous onset of their pain.
Despite this growing evidence base, a number of questions remain outstanding. First, the majority of data is from adult populations. We know very little about those events associated with the onset of chronic pain in youth. Second, little is known about whether experiencing a precipitating event, and whether different types of precipitating events, are associated with differing demographic or clinical characteristics, or with different psychofunctioning profiles in youth. This information could be important for taking a precision-medicine approach to understanding risk in pediatric chronic pain and stratifying care according to individual needs.
The aim of this study was to contribute to the epidemiological evidence base for precipitating events in pediatric chronic pain disorders, focusing on children and adolescents with chronic musculoskeletal pain. Specifically, we conduct a retrospective chart review to examine the prevalence, and clinical and psychofunctional correlates of precipitating events for children and adolescents attending a tertiary care chronic pain clinic.
Methods

Participants
A retrospective chart review was performed on 320 children and adolescents, aged 6 to 18 years, who presented to a tertiary care chronic pain clinic in the northeast United States (see Table 1 for more detailed characterization of the sample). There were 245 girls (76.6%) and 75 boys (23.4%). Three-quarters of patients were accompanied by their mothers (75.0%). All patients included in this chart review were referred to the clinic with a primary musculoskeletal pain complaint. We grouped chronic pain diagnoses into 3 major categories: localized musculoskeletal pain (single limb or joint pain, low back pain, and chest pain),  diffuse musculoskeletal pain (widespread musculoskeletal pain, postural orthostatic tachycardia syndrome with musculoskeletal pain, Ehlers-Danlos syndrome, joint hypermobility, and fibromyalgia), and neuropathic pain (CRPS, neuralgia, and pain amplification disorder). We included neuropathic pain conditions such as CRPS within the broader category of musculoskeletal pain to be comparable with other conceptualizations of chronic musculoskeletal pain in youth. 7 The median pain duration in the full sample was 12 months (range 5 1-209 months). Although a small number of patients reported experiencing pain for less than 3 months (and therefore do not meet commonly accepted criteria for chronic pain), we included these patients to be representative of the cohort of children and adolescents attending the tertiary care clinic.
Procedures and precipitating event coding
Children and adolescents were evaluated at the tertiary care clinic by a physician, physical therapist, and psychologist before receiving a treatment plan. At the evaluation, patients and a parent (75% mothers) completed a clinical interview in which they were asked to declare any events that they believed precipitated the child's pain, or to declare whether they could not identify any precipitating event for the child's pain. Patients also completed questionnaire measures on pain, psychological, and physical functioning as part of this evaluation. All precipitating events were coded from patients' medical record by the first author (A.J.B.). To ensure coding reliability, 3 research students also acted as secondary coders, coding a portion of the medical records each. Interrater reliability tests were performed for the presence of precipitating event category, as well as for the type of precipitating event category. For the presence of precipitating event category, the observed unweighted kappa value was 0.81 at a 95% confidence interval (0.65-0.97). For the type of precipitating event category, the observed unweighted kappa value was 0.84 at a 95% confidence interval (0.72-0.96). Any discrepancies were discussed, and all final event codes were agreed on by multiple coders as well as the senior author (L.E.S.), who is a registered clinical psychologist working with young people with chronic pain. There were 5 event categories used for the purposes of this study: (1) Injury (eg, sports-related injuries, automobile accident, and rolled/sprained ankle); (2) Surgery (eg, cyst removal, gallbladder removal, and knee surgery); (3) Infection/illness (eg, ear infections, sinus infections, and influenza); (4) Chronic disease (eg, Ehler-Danlos syndromes, juvenile arthritis, scoliosis, osteomyelitis, and Sever disease); (5) No event identified.
Measures
Typical pain intensity
Participants provided their typical pain intensity (in the past week) on a standard 11-point numeric rating scale (0 [no pain] to 10 [worst possible pain]). 5 
Functional disability
The Functional Disability Inventory 6,37 is a 15-item self-report questionnaire that measures perceived difficulty in performing common activities in the domains of school, home, recreation, and social interactions. Participants rate the difficulty they had in performing each activity in the preceding 2 weeks (ranging from 0 [no trouble] to 5 [impossible]). The Functional Disability Inventory consists of 15 items and yields a total score that can range from 0 to 60, with higher scores indicating greater disability. 18 
General anxiety
The Revised Children's Manifest Anxiety Scale-Second Edition (RCMAS-2)
29 is a 49-item self-report questionnaire comprising 40 dichotomous items assessing general anxiety and 9 dichotomous items assessing defensiveness. We used the general anxiety scale for this study; higher scores indicate greater anxiety symptom severity. Items are scored either 0 (No) or 1 (Yes), yielding a total anxiety score ranging from 0 to 40. Raw scores were converted into T scores, accounting for age.
Depressive symptoms
The Children's Depression Inventory (CDI) 20 is a 27-item self-report questionnaire that assesses depressive symptoms in children and adolescents. Each item consists of 3 self-report statements increasing in severity. Items are scored from 0 to 2, yielding a total score ranging from 0 to 54, with greater scores indicating a greater level of depressive symptoms. During data collection, the clinic replaced the CDI with the CDI-2, 21 a similarly scored measure to the CDI but with 28 items and a maximum total score of 56. To correct for the disparity in total score, raw scores for both the CDI and the CDI-2 were converted into T scores, accounting for age and sex (see Ref. 28 for similar approach).
Children's Somatization Inventory
The Child Somatization Inventory 36 is a 24-item self-report questionnaire assessing the severity of nonspecific somatic symptoms (eg, weakness and dizziness). Respondents rate the extent to which they have experienced each of 35 symptoms during the past 2 weeks using a 5-point Likert-type scale (ranging from 0 [not at all] to 4 [a whole lot]). Total scores are computed by summing the items, with a possible range of 0 to 140. Higher scores indicate higher levels of somatic symptoms.
Fear of pain
The Fear of Pain Questionnaire for Children 31 is a 24-item selfreport questionnaire that assesses young people's pain-related fears and avoidance. There are 2 subscales within the measure: fear of pain (13 items), which is a measure of distress caused by pain, and avoidance of activities (11 items), which evaluates avoidance behavior towards activities as a result of fear of pain. Items are rated on a 5-point scale from 0 to 4 and are summed to obtain a total score; thus, the total score range is 0 to 96. Higher scores indicate greater fear and avoidance of pain.
School functioning
The Pediatric Quality of Life Inventory 33,34 is a 23-item questionnaire that assesses young people's physical, emotional, social, and school functioning. The School Functioning subscale (5 items) was used for this study. Items are rated on a 5-point scale from 0 to 4, and raw scores are then transformed into standard scores on a scale of 0 to 100, with higher scores indicating better functioning (less impairment). Child self-reports and parent proxy reports are available for this measure, but the parent report has shown better reliability and validity than the child version. Thus, we used the parent version 32 in this study.
Statistical analyses
First, we examined frequencies of the presence and type of precipitating event across the whole sample. Next, to compare demographic and clinical characteristics across patients with and without a precipitating event, we performed x 2 and t test analyses including the presence of a precipitating event (yes/no) and clinical and demographic factors (the x 2 test: pain diagnosis and sex; the t test: pain duration and age). To compare demographic and clinical characteristics across patients with different types of precipitating events, we performed similar x 2 and 1-way ANOVA analyses but included event type (surgery, injury, infection/illness, and chronic disease) instead of the presence of an event.
Next, to examine psychofunctional correlates of the presence/ type of precipitating event, we conducted a series of 1-way ANOVAs. First, we included the presence of a precipitating event (yes/no) as the independent variable, and psychofunctional factors as dependent variables (typical pain intensity, functional disability, school functioning, depression, anxiety, somatization, and fear of pain). Next, we included event type (surgery, injury, infection/illness, and chronic disease) as the independent variable and psychofunctional factors as dependent variables.
An alpha of 0.05 was considered significant. We applied Bonferroni correction for multiple comparisons where applicable. We required each participant to have completed at least 75% of items on each questionnaire to compute total/mean/T scores for those measures (missing data: range 5 2%-7%; M 5 4% for each measure, no imputation was used).
Results
Incidence of precipitating events
As can be seen in Figure 1 , roughly two-thirds of patients (212 patients, 66.3%) reported a precipitating event before their pain onset. Injury was the most commonly reported event (41.9%), followed by chronic disease (14.1%), infection/illness (5.6%), and surgery (4.7%). Roughly one-third of patients (108 patients, 33.8%) did not report any precipitating event for their pain.
Demographic/clinical factors: the presence of precipitating event
For all 3 pain diagnosis groups, most patients reported a precipitating event ( Fig. 2A) . There was a significant association between the presence of a precipitating event and diagnosis (x (Fig. 2B-D) .
Demographic/clinical factors: the type of precipitating event
There was a significant association between the type of precipitating event and diagnosis (x 2 (6) 5 70.43, P , 0.001). Patients with localized musculoskeletal pain and neuropathic pain were most likely to report an injury, whereas patients with diffuse musculoskeletal pain were most likely to report a chronic disease (Fig. 3A) . The type of precipitating event was also associated with patients' sex (x 2 (3) 5 6.29, P 5 0.01). Specifically, girls were more likely than boys to report an injury, whereas there was no significant sex difference for infection/ illness, surgery, or chronic disease (Fig. 3B) . There was also a significant difference in precipitating event type across age (F(3,208) 5 4.06, P 5 0.008). Specifically, patients who reported surgery as the precipitating event were significantly older (M 5 15.78 years, SD 5 2.19) than those patients who reported an injury (M 5 13.38 years, SD 5 2.49; P 5 0.005) (Fig. 3C) . There was no significant difference in precipitating event type across pain duration (F(3,203) 5 1.91, P 5 0.13) (Fig. 3D) .
Psychofunctional factors: the presence of precipitating event
There were no significant effects of the presence of a precipitating event on patients' typical pain intensity (F(1,289) 5 0. 
Psychofunctional factors: the type of precipitating event
There was a significant effect of the type of precipitating event on patients' typical pain intensity (F(3,188) 
Discussion
A common question when describing the prevalence of chronic pain in childhood is: "but what happened before the pain?" Anecdotally, this question is more frequently asked about young people than older people, perhaps in part because the pain cannot be attributed to the wear and tear associated with aging. In this study, we aimed to add to the epidemiological evidence base for pediatric chronic pain disorders by providing information regarding the events that precipitate the onset of chronic musculoskeletal pain in childhood and adolescence. We conducted a retrospective chart review of 320 young people attending a tertiary care chronic pain clinic with a primary musculoskeletal (local, diffuse, and neuropathic) pain complaint. We examined both the prevalence and type of various precipitating events that patients reported as causing their pain (injury, infection/illness, surgery, and chronic disease), as well as the absence of a precipitating event. We considered whether the presence or type of precipitating event differed across demographic or clinical characteristics of the patients, and we considered whether the presence or type of precipitating event was associated with certain psychofunctioning profiles.
Approximately two-thirds of patients reported a precipitating event for their pain. Injury was the most commonly reported event, by over 40% of the sample. The next most commonly reported event was a chronic disease, followed by an infection or illness. Surgery was the least commonly reported event (only 4.7% of the sample). About one-third of patients did not report any precipitating event for their pain. Overall, we found some evidence that the presence and/or type of precipitating event varied according to patients' demographic or clinical characteristics. Across all 3 diagnostic categories (diffuse, localized, and neuropathic), patients were more likely to report a precipitating event than not; however, patients with neuropathic pain were even more likely to report a precipitating event compared to those with localized and diffuse musculoskeletal pain. We did not find that patients' age, sex, or diagnosis was associated with whether or not they reported a precipitating event for their pain. With respect to the type of precipitating event, however, a number of differences emerged. First, we found that girls were more likely than boys to report an injury, whereas there was no significant sex difference for infection/illness, surgery, or chronic disease. We also found that patients who reported surgery as the precipitating event were significantly older (;2.5 years) than those patients who reported an injury. Interestingly, when considering event type, patients with localized musculoskeletal pain and neuropathic pain were most likely to report an injury, whereas patients with diffuse musculoskeletal pain were most likely to report a chronic disease. This is likely due to the fact that certain chronic diseases in young people (eg, Ehlers-Danlos syndromes, juvenile arthritis, and scoliosis) are typically associated with widespread pain, whereas more localized pain is more likely to stem from an initial injury to one body part (eg, a sports-related fracture or sprain). We found little to no evidence that the presence or type of precipitating event was associated with psychological or physical functioning. The only significant finding was that patients who reported an injury reported more pain than those patients who reported an infection/illness (around 6 of 10 compared with 4 of 10).
To the best of our knowledge, this study is one of the first to systematically consider the precipitating events associated with chronic pain in youth, thus providing important epidemiological data for this population. Chronic musculoskeletal pain in childhood and adolescence is a common and disabling problem. 7, 19, 27 For most young people presenting to a tertiary care pain clinic, the experience of chronic pain has often had a large and negative impact on their physical and psychological well-being as well as that of their family. 7 Chronic pain in youth is associated with substantial interference in daily life, including interruption in school activities and impairment in physical, social, and emotional functioning. 16 It is also associated with substantial financial costs to individual families and to society, resulting in estimated costs of $11,787 per family per year, equating to an annual societal cost of $19.5 billion. 12 Thus, understanding the epidemiology of chronic pain in childhood and adolescence, including the events that may have a primary causal role in the onset of the pain, is of great clinical and societal importance.
Our findings provide important information indicating the prevalence of precipitating events in children and adolescents at tertiary care chronic pain clinics. We focused here on musculoskeletal pain disorders as population-based epidemiological studies indicate that although headaches and abdominal pains are most commonly reported in young children, middle childhood and adolescence are most commonly characterized by musculoskeletal (especially back and neck) pain. 7, 19, 27 An outstanding question is whether or not the prevalence and type of precipitating events reported here are similar in samples with nonmusculoskeletal pains and in samples presenting to other (types of) clinics. Indeed, the composition of patients in pediatric chronic pain clinics across the United States and in different countries will depend, in part, on the referral system for these clinics, as well as the availability of other pain-and disease-specific clinics at the hospital and in the geographic area (eg, a headache clinic, or a gastroenterology clinic). Further studies are needed to confirm our findings and to characterize the prevalence of precipitating events in nonmusculoskeletal samples.
The current findings provide preliminary evidence that, for children and adolescents with chronic musculoskeletal pain, reporting a precipitating event for their pain, or reporting a certain type of precipitating event, may not play a large role in subsequent physical or psychological functioning. These findings are especially interesting given that there is some evidence in adult samples that the absence of a precipitating event, that is having no identified cause for the pain, is associated with worse functioning. 11 The current findings are thus relevant for a consideration of a precision-medicine approach to pediatric pain. That is, identifying risk factors that predict poor physical or psychological functioning may be useful for screening risk during initial clinical evaluations and subsequently for stratifying care according to risk level. However, a number of future studies are required before determining whether or not precipitating events are important to include in screening practices. For example, we do not know whether the presence or type of precipitating event is associated with health care-seeking behaviors. Our data are from a health care-seeking sample, and thus, we do not know whether or not there would be differences in a non-health care-seeking sample. In adults, there is evidence that attributing physical symptoms such as pain to external and nonbiological factors is associated with not seeking health care. 13 Also, relevant is to what extent our findings would apply to patients who would seek but do not have access to tertiary health care services. Future studies could consider how socioeconomic factors impact the reporting and impact of precipitating events in this population. We also do not know whether the presence or type of precipitating event is associated with longer-term functioning over time, or with response to treatment. Longitudinal studies considering the role of precipitating events in patients' psychofunctional trajectories over time, as well as their recovery both within and outside the context of treatment, will be important. It is also important to note that identifying precipitating events that are commonly associated with chronic pain in childhood, even if not associated specifically with the child's functioning when their pain is already chronic, will be important for potentially identifying who may later develop chronic pain, and thus for prevention efforts. Our findings do not contradict the increased understanding that pain in children is multifactorial and that even when there are clear "biological" contributors to the pain (eg, a chronic disease such as arthritis), psychosocial factors are, perhaps separately, important in the child's chronic pain experience. 24 Our findings add to the literature on risk factors for pediatric chronic pain. Although few studies have considered specific precipitating events, studies to date have identified a variety of risk factors including demographic factors, psychosocial factors, and previous pain experiences. For example, Coenders et al. 8 found that youth with chronic pain was more likely to have individual and parent history of functional pain syndromes (eg, migraine, nonmigraine headaches, functional abdominal pain, and restless leg syndrome) than youth without chronic pain. In a longitudinal study, Kroner-Herwig et al. 22 found that previous multiple pain sites, age, sex, internalizing/externalizing symptoms, and time spent with visual media were significant risk factors for the development of multiple pains in childhood and adolescence. A recent review by McKillop and Banez 25 also identified a variety of factors that increase the likelihood of transitioning from acute to chronic pain in youth. These include temperament, anxiety, depression, subjective experience of stress, passive coping strategies, sleep problems, and other parent and/or family factors. We add to this literature a recognition of the potential role of specific medical events in contributing to risk of pediatric chronic pain.
Our findings can also be considered within existing theoretical frameworks of risk factors in pediatric chronic pain. One such framework was proposed by von Baeyer and Champion, 35 including hypothesized antecedents and consequences of pain vulnerability in children and adolescents. Our findings provide support for antecedent factors such as injury and inflammation, which are included in von Baeyer and Champion's framework as "sensory inputs into the central nervous system." Taking theoretical models and original studies together, it is clear that a number of intrapersonal and interpersonal biopsychosocial factors, and their complex interactions, likely play a role in increasing risk of pediatric chronic pain. As McKillop and Banez 25 suggest, progress on understanding risk of pediatric chronic pain will likely lie in considering how multiple factors, including precipitating medical events, interact to increase relative risk.
This study has limitations, which can be addressed in future research. First, both patients and parents contributed to the initial evaluations, and we were unable to distinguish who reported each precipitating event. It will be interesting in future studies to consider whether the presence or type of precipitating event differs according to whether the patient or parent is the reporter. Second, although our sample was relatively large, some categorical analyses (eg, regarding precipitating event type and diagnosis type) resulted in a relatively small number of participants per cell, so these data should be interpreted with caution. Finally, discussion of precipitating events in patients' initial evaluation focused on physical events, and thus, psychological or emotional trauma could not be coded for in this data set. There is growing recognition that chronic pain can be precipitated by psychological and emotional trauma, 38, 39 including in childhood. 10 Moreover, given preliminary evidence for the cooccurrence of pain and posttraumatic stress symptoms and disorders in youth, 15 the prevalence of precipitating psychological and emotional trauma in pediatric chronic pain is an important next question.
In this retrospective chart review, approximately two-thirds of children and adolescents with chronic musculoskeletal pain reported a precipitating physical event for their pain, with injury as the most commonly reported event. One-third of young patients reported no precipitating event for their chronic pain. Although there were some differences in the types of precipitating events reported across different demographic groups and pain diagnoses, we found little to no evidence that the presence or type of precipitating event was associated with patients' psychological or physical functioning. Important next steps will be to better understand the physical events that precipitate nonmusculoskeletal pains such as headaches and abdominal pains in childhood, and to integrate data on physical and psychological traumatic events that precipitate the onset of pediatric chronic pain.
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